Background: We describe the clinical, radiological and surgical findings of failed distal biceps repair by gapping and report the functional outcomes following revision repair. Methods: A retrospective review of five consecutive patients was conducted. Patients presented with radial-sided forearm pain after their distal biceps fixation. All patients had less than 5 cm of retraction of the biceps muscle belly, a palpable tendon although the manoeuvre was painful with weakness on resisted supination. Flexed abducted supinated magnetic resonance imaging (FABS MRI) showed a gap between the distal end of the tendon and the footprint on the radial tuberosity. Results: Mean FEA score at presentation was 44/100 (35 to 49). Mean time to re-operation was 18 months (range 4 months to 36 months). At revision, the distal end of the tendon was retracted and not making contact with the bone. All cases were revised to an in-bone endobutton repair. Mean postoperative Functional Elbow Assessment (FEA) scores undertaken at a mean of 14 months (range 5 months to 22 months) after revision improved to 95/100 (90 to 100). Conclusions: Patients presenting with persistent radial sided forearm pain and weakness on provocative testing after distal biceps repair with a seemingly intact repair should be investigated with FABS MRI to look for evidence of failure of repair by gapping. Revision repair with an anatomic in-bone technique can lead to good results.
Introduction
The incidence of distal biceps rupture (DBR) is 1.2 per 100,000 patients, with a peak incidence in the fourth and fifth decades. 1 It affects males and usually occurs in the dominant extremity through eccentric contraction of the biceps, sometimes preceded by a prodrome of antecubital pain suggestive of pre-existing tendinopathy. 1 Starkin reported the first case of DBR in 1843, but surgical repair was not described until 1941 by Dobbie who performed non-anatomic repair by suturing the ruptured tendon to brachialis. 1, 2 However as outcomes were universally poor the vogue was non-operative treatment. In 1985, Baker & Bierwagan 3 and Morrey et al. 4 demonstrated that non-operative treatment resulted in 30% reduction in flexion strength, 40% reduction in supination strength, varying degrees of antecubital pain, loss of endurance and dissatisfaction with the appearance of the elbow. These same individuals went on to show that anatomic repair could potentially restore these parameters thus popularising this surgery. 3, 4 Anatomic repairs are divided into on-bone repairs (e.g. anchor fixation) and inbone repairs (e.g. transosseous). In 2000, Bain et al. 5 described an anatomic in-bone repair using an endobutton device, which had a higher load to failure (440 N), higher pull-out strength (270 N) and tensile load akin to the native biceps tendon (274 N). 6, 7 The incidence of surgical complications increases with a delay to surgery, reported as 7% in acute repairs (10 days between injury and surgery), 13% in subacute repairs (10 days to 21 days between injury and surgery)
Upper Limb Unit, Wrightington Hospital, Wigan, UK and 20% in delayed repairs (more than 21 days between injury and surgery). 8 These include lateral antebrachial cutaneous nerve (LABCN) and posterior interosseous nerve injury, heterotopic ossification, infection, complex regional pain syndrome, proximal radius fracture and re-rupture which occurs at a rate of 1.5% to 4%. 9 Re-rupture is when a repair fails and the patient represents with signs of an acute DBR, usually in the early postoperative period. In our experience of providing a tertiary elbow service, however, there is a group of patients who complain of ongoing pain and weakness after surgery, with a repair that is seemingly intact and is therefore dismissed as tendinopathy on clinical and radiological grounds. The present study aimed to describe the clinical, radiological and surgical findings in this group of patients and the functional outcomes following revision repair.
Materials and methods
We reviewed the senior author's database and identified patients who had undergone revision repair of the distal biceps tendon between December 2010 and December 2014. Intitutional Review Board and/or ethical approval was not sought because this was deemed to represent an audit of the senior author's practice. Data were obtained from the case notes, including details of original surgery (performed at other institutions), onset and location of pain, clinical findings on the O'Driscoll hook test, supination strength, position of muscle belly and magnetic resonance imaging (MRI) findings. [10] [11] [12] [13] The primary outcome measure was change in Functional Elbow Assessment (FEA) scores, which were collected prospectively at presentation and then at latest follow-up. The FEA has three separate catagories: pain (0 to 30), activities of daily living (0 to 35) and motion (0 to 35). A score of 0 is the worse outcome and a score of 100 is the best outcome. Secondary outcome measures were complications. 14 
Results
Five male patients were identified two of who were professional rugby players ( Table 1) . All had undergone a one-incision on-bone repair using two suture anchors at other institutions. Both professional rugby players represented with radial-sided forearm pain after rugby matches and the remaining three patients re-presented with atraumatic radial-sided forearm pain at a mean time of 18 months (range 4 months to 36 months) after their primary surgery. On clinical assessment, all patients had retraction of the muscle belly compared to the opposite side. The tendon was palpable on O'Driscoll's hook test, although the manoeuvre was painful. Furthermore, all patients had weakness on resisted supination. MRI scans performed with the elbow flexed, shoulder abducted and forearm supinated (FABS position) showed a gap between the distal end of the tendon and its footprint on the radial tuberosity ( Figure 1 ). 13 The mean FEA score at presentation to the senior author was 44/100 (35 to 49).
At revision, the end of the tendon was not making any contact with the bone with a gap of anywhere up to 2 cm. A band of friable fibrous tissue bridged the gap between the end of the tendon and its footprint on the radial tuberosity. The tendon was debrided back to healthy tissue and two running Ethibond whip stitches used to secure the Endobutton (Arthrex, Inc., Naples, FL, USA) to the tendon leaving a 4-mm gap between the tendon and the Endobutton to allow it to flip. A 5 Â 12mm longitudinal trough was created on the volar surface of the radial tuberosity in which to dock the tendon. A 4.5-mm drill hole was then made through the dorsal cortex at the proximal end of the trough. The endobutton was drawn through the bone tunnel using a passing pin and two Ethibond (Ethicon, Somerville, NJ, USA) guide sutures and then flipped onto the dorsal cortex of the radial tuberosity. Position was checked on fluoroscopy, haemostasis achieved and the wound closed in layers. Postoperatively, active mobilization was begun immediately.
Two patients suffered complications: one transient lateral antebrachial cutaneous nerve palsy and one mid-tendon re-rupture of an atrophic tendon. Two patients developed minor heterotopic ossification close to the tuberosity that was asymptomatic and did not require further intervention (Figure 2 ). The mean postoperative FEA score undertaken at a mean of 14 months (range 5 months to 22 months) after revision repair had improved to 95/100 (90 to 100) (p ¼ 0.0313). There were statistically significant reductions in pain score at rest, which reduced from a mean of 4/10 preoperatively to 0/10 (p ¼ 0.0290) and pain score with activity, which reduced from a mean of 6/10 to 0/10 (p ¼ 0.0290).
Discussion
Failed repair of the distal biceps by gapping has not been formally described. The only similar description was in 2010 by Naidu et al. 1 They described a patient who re-presented 4 months after an endobutton fixation with unexplained atraumatic forearm pain and weakness. 1 On clinical assessment, he was noted to have an intact repair with an atrophic muscle belly and altered sensation in the distribution of the LABCN. Radiographs revealed the endobutton was not opposed to the dorsal cortex of the radius and the hole had been drilled proximal to the radial tuberosity. At revision, they noted the tendon was note in contact with the bone. 1 All of the subjects in our series presented in this manner and, intra-operatively, were found to have anywhere up to a 2-cm gap between the distal end of the tendon and the footprint on the radial tuberosity. All of the subjects in our series presented with radial sided forearm pain in the distribution of the LABCN. Common examination findings were a high riding biceps muscle belly, pain on O'Driscoll's hook test, which itself was negative, suggesting that the repair was intact and weakness on resisted supination. Routine MRI performed at the referring centre with the elbow in full extension resulted in partial volumeaveraging effects because of the oblique course of the tendon to its insertion, resulting in misdiagnosis of postsurgical distal biceps tendinopathy. At our institution, we performed FABS MRI, which captured the entire distal biceps tendon from the musculotendinous junction to its insertion on a single image, making diagnosis of pathology easier. 13 These images clearly demonstrated gapping between the end of the tendon and the footprint on the radial tuberosity. This was in keeping with the surgical findings of no direct contact between the tendon and bone. The resulting proximal retraction of the muscle belly had placed a degree of traction on the LABCN, which may have accounted for the distribution of pain on the radial side of the forearm.
We were able to revise all cases primarily to an inbone endobutton technique without the use of a biotenodesis screw. Docking the tendon within the bone maximizes contact thus promoting tendon-bone healing. The endobutton implant has been shown to be biomechanically stronger than all other implants or techniques reducing the likelihood of early re-rupture on eccentric contraction of the muscle belly. [5] [6] [7] In all cases, the surgical beds were significantly scarred, making revision technically more challenging. One patient developed a transient LABC nerve palsy. One patient experienced a mid-tendon rupture 3 months after his revision when weightlifting through an atrophic portion of the tendon. He denied anabolic steroid use and did not have any other constitutional factor which may have contributed to this. This was subsequently revised with a palmaris longus autograft connected to the native tendon proximally through a Pulvertaft weave and distally to the insertion using an in-bone endobutton repair. He went on to make an excellent functional recovery and is playing professional rugby. His documented FEA score represents assessment of his elbow at final follow-up.
There were several factors limiting the validity of the present study. First, the limited number of subjects makes it difficult to draw statistically significant conclusions. Second, although the FEA is not specifically intended to be used for biceps pathology, it is validated for use as a general tool for elbow conditions and we have used this for many years in our unit. Finally, we accept that isokinetic testing remains the most reliable way of testing biceps function. Because this apparatus was not available to us, we did not perform formal isokinetic testing, making this a weakness of the present study.
Conclusions
Failure of distal biceps repair by gapping is an important yet rare complication that can be avoided with using an in-bone repair that maximizes tendon-bone contact. Patients presenting with persistent radial-sided forearm pain after distal biceps repair, with a high riding biceps muscle belly, ongoing pain and weakness on provocative testing, should be investigated with FABS MRI to look for evidence of failure of repair by gapping. Revision repair with an anatomic an inbone technique can lead to good results.
